A shallow water spectral wave prediction model based on a numerical solution of the radiative transfer equation is presented. The model is second generation and uses a simple yet effective representation for the nonlinear source term. In addition, the model pays particular attention to the shallow water processes of refraction, shoaling, bottom friction, and wave breaking. The flexibility of the model is demonstrated by an intercomparison with field data from a number of tropical cyclones. The turning winds from such storms provide a demanding test of model physics.
INTRODUCTION
Wave prediction models based on numerical solutions of the radiative transfer equation [Hasselmann, 1960] Chen and Want?, 1983 ] considered the evolution of the deep water spectrum to be the result of the balance between atmospheric input and white cap dissipation. I-Iasselraann [1962] showed that the spectral balance was more complex than assumed in first generation models with nonlinear wave-wave interactions playing an important role. The inclusion of such terms in a spectral model poses considerable problems due to the computational expense required to calculate the nonlinear terms. Second generation models [Barnett, 1968; Ewing, 1971; Golding, 1983; Allender, et al., 1985; Greenwood, et al., 1985 ; $obey and Young, 1987] overcame this problem by representing the nonlinear terms in a parametric form based on the spectral shape. The inclusion of the parametric representation generally improves the performance of such models as compared to first generation models. Due to the relatively small number of parameters used to represent the nonlinear term, however, second generation models have difficulty in representing the complex This paper describes a second generation shallow water model. The model, called ADFA1, uses a simple yet very flexible representation for the nonlinear terms which overcomes many of the limitations of other second generation models. To demonstrate the applicability of the model, a very extensive intercomparison with field data under tropical cyclone conditions is presented. These data were obtained in both deep and shallow water. The rapidly turning winds of tropical cyclones provide a very demanding test of model physics.
RADIATIVE TRANSFER EQUATION
The evolution of the directional wave spectrum E(f, 0; z, y, t) in water of finite depth can be described by the radiative transfer equation [$obgy, 1986] In addition, the kinematics of wave propagation are described by ray theory. In the absence of currents, frequency is constant along wave rays which are described by the characteristic equations [Munk and Arthur, 1952] mechanism [Phillips, 1957] is included in (6), initial growth from a zero energy state is achieved by using a "seed" spectrum. This spectrum has the standard JONSWAP form with parameters a = 0.02, '7 = 2.26, •ra = 0.07, •r b -0.09, and fm equal to the second highest frequency bin specified Table 1 . For a given angle to the mean spectral direction, the peak value is determined by linear interpolation within Table 1 . 
The dependence of '7 on •,n is less well defined, but a least squares approximation to the JaNSWAP data yields 
Depth Limited Breaking, '-qbrk
The white cap dissipation term "qdis discussed earlier represents the processes by which energy is lost through wave breaking in the high-frequency portion of the spectrum. In addition, as waves propagate into shallow water, the effects of shoaling lead to an increase in energy, this increase being greater at lower frequencies. Eventually, such waves become depth limited and begin to break. This process should not 
ADFA1 uses a fractional step solution [Sobe!t •nd 1986
] in which propagation and forcing are conducted over alternate half time steps. The propagation step uses piecewise rays in conjunction with a third-order spatial interpolation scheme to reduce the effects of numerical dispersion [Young, 1987a ] .
The prediction of wave spectra in shallow water involves a conflict of scales. To represent accurately the influences of shallow water, a fine grid which adequately defines the bathymetry is required. To represent the propagation of ergy into shallow water regions, however, a geographically large area must be modeled. To accomplish these requiremerits and still maintain acceptable computational expense, ADFA1 uses a system of subgrids. A large course grid is used in deep water. Nested within this grid can be any number 
